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A System and Method for Optically Sensing Defects in OPC 
Devi ces 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to optically sensing 
manufacturing defects in organic photo conductors (OPC) 
5 and, more particularly, to detecting bottom edge wipe in 
the manufacture of OPCs . 

2. Prior Art 

Cylindrical aluminum organic photo conductor (OPC) 
substrates undergo dip-coating process by vertically 

10 immersing the cylindrical OPC in a dip tank. After 
dipping it is required that the trailing edge of the part 
must meet certain specifications in order to avoid bottom 
edge wipe defects (i.e., where dip coating residue 
remains on the bottom of the OPC) . Fig. 5 shows that 

15 bottom edge wipe (BEW) defects are the most common of 
defects caused by the dipping process. However, existing 
automatic visual inspection (AVI) systems are not 
designed to inspect for BEW defects. The existing AVI 
systems only inspect for defects within the image area of 

20 the OPC and ignores the areas outside the image area, 
i.e., the bottom edge area. Yet, the interface of the 
bottom edge area within larger systems and subsystems is 
critical to the performance of such systems. For this 
reason, the OPC bottom edge area is subjected to an 

25 outgoing quality control, but not until after value is 
added to the defective OPC at several other stages in the 
manufacturing process prior to the quality control check. 
Thus, the failure to detect BEW defects early in the 
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manufacturing process results in decreased productivity 
as well as lost value. 

SUMMARY OF THE INVENTION 

5 In accordance with one embodiment of the invention, a 
system for optically sensing manufacturing defects in OPC 
devices is provided. The system comprising an 
illumination source for illuminating an OPC device; at 
least one optical sensor positioned to view the 
10 illuminated device; and a controller connectable to the 
optical sensor, the controller comprising a threshold 
detector for detecting manufacturing defects. 

Another aspect of the invention is a method for optically 
classifying residues on at least one bottom area of a 

15 OPC. The method comprising the steps of: illuminating the 
at least one bottom area of the OPC; capturing reflected 
illumination from at least one illuminated bottom area of 
the OPC device; comparing the captured reflected 
illumination with at least one threshold level; and 

20 classifying at least one bottom area of the OPC device 
based upon the comparison of the captured reflected 
illumination with the at least one threshold level. 

Another aspect of the invention is a method for optically 
discriminating an Organic Photo Conductor (OPC) device. 
25 The method comprising the steps of illuminating a bottom 
area of the OPC device; sensing reflected light from the 
illuminated OPC bottom area; and comparing reflected 
light with a threshold level to determine if a defect 
exist . 
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BRIEF DESCRIPTION OF THE DRAWINGS 
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The foregoing aspects and other features of the present 
invention are explained in the following description, 
taken in connection with the accompanying drawings, 
wherein: 

5 Fig. 1 is a schematic diagram of one embodiment of the 
invention; 

Fig. 2 is a method flow chart of one embodiment of the 
invention showing the steps for classifying the bottom 
area as acceptable, non-acceptable, or quasi-acceptable; 

10 Fig. 3 is a detailed method flow chart corresponding to 
the method flow chart shown in Fig. 2 of one embodiment 
of the invention showing the steps for classifying the 
bottom area as acceptable or non-acceptable; 

Fig. 3A is a schematic diagram of a circuit for 
15 implementation of the method shown in Fig 3. 

Fig. 4 is a detailed method flow chart of one embodiment 
of the invention corresponding to the method flow chart 
shown in Fig. 2, showing the steps for classifying the 
bottom area as acceptable , quasi-acceptable, or non- 
20 acceptable; and 

Fig. 5 is a graph illustrating the relations between 
threshold levels and degree of BEW residue; 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT 
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Referring to Fig. 1, there is shown an exploded 
perspective view of a bottom edge wipe (BEW) detection 
system incorporating features of the present invention. 
An illumination source 2 illuminates the OPC device 10. 
5 At least one optical sensor 4 is positioned to view the 
illuminated OPC 10. A controller 6 connectable to the 
optical sensor senses manufacturing defects in the OPC 
device 10. In addition, the controller 6 is connectable 
to a database 8 containing threshold information for 

10 classifying the OPC 10 under test. The controller is also 
connectable to a monitoring device 9 such as an audible 
alarm or visual display capable of alerting a user when a 
defect occurs. Although the present invention will be 
described with reference to the embodiments shown in the 

15 drawings, it should be understood that the present 
invention can be embodied in many alternate forms of 
embodiments . 

Referring now to Figs. 2 and 5; in Fig. 2 there is shown 
a method flow chart of one embodiment of the invention 

20 showing the steps for classifying the bottom area of a 
OPC as acceptable, non-acceptable, or quasi-acceptable. 
First, the bottom edge area of the OPC is illuminated 22 
with a suitable illuminating device. Some examples of 
illuminating devices are light emitting diodes (LEDs) , 

25 LASERS, or an emitter capable of emitting electromagnetic 
radiation of one or more wavelengths (i.e., a white light 
source) . The reflected illumination from the bottom edge 
area of the OPC is captured 24, where capturing the 
reflected illumination may be any suitable method for 

30 converting illumination intensity to a reference voltage 
or digital signal. The captured illumination is compared 
26 with a predetermined threshold level to determine 28 
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if a first threshold level has been exceeded. If the 
first threshold has not been exceeded the OPC is 
classified as acceptable 216. If the first threshold has 
been exceeded the captured illumination is compared 2 9 
5 with a second threshold level. If the captured 
illumination exceeds 210 the second threshold level the 
OPC is classified as non-acceptable 214 otherwise the OPC 
is classified as quasi-acceptable 212. 

Referring now to Fig. 3 and there is shown a detailed 

10 method flow chart, corresponding to the method flow chart 
shown in Fig. 2, of one embodiment of the invention 
showing the steps for classifying the bottom area as 
acceptable or non-acceptable; in Fig. 3A there is shown a 
schematic diagram of one implementation of a circuit for 

15 implementing the method shown in Fig 3. First the OPC 
bottom area is illuminated 32 and reflected illumination 
is captured 34, and converted 35 to a voltage by a semi- 
conductor device such as a photodiode 3A2 . The converted 
voltage is compared 3 6 to a predetermined voltage level 

20 after being amplified by an amplifier comprising a 
feedback resistor 3A4, an input resistor 3A6, and an 
operational amplifier 3A8 . The predetermined voltage 
level may be set by reference to a known good OPC device 
with acceptable bottom edge residue. If the converted 

25 voltage exceeds 38 the predetermined voltage level as 
measured by voltmeter 3A10 the OPC device is classified 
310, by 3A10 as non-acceptable; otherwise the device is 
classified as acceptable 312. 

Referring now to Fig. 4 there is shown a detailed method 
30 flow chart of one embodiment of the invention showing the 
steps for classifying the bottom area as acceptable, 
quasi-acceptable, or non-acceptable. First, the bottom 



area of the OPC is illuminated 42 and reflected 
illumination is captured 44 by a charge coupled device 
(CCD) such as a digital camera. Through well known 
digital techniques the captured illumination is 
5 differentiated 46 into gray level pixel data or matrix 
cells. Dark areas of the bottom edge portion of the OPC 
due to BEW residue will correspond to dark pixels while 
lighter areas of the bottom edge portion will correspond 
to lighter pixels. A first threshold ratio is 

10 predetermined by determining a number of allowable dark 
pixels to the total number of pixels 48. For example, if 
a certain band is comprised of five dark pixels and the 
total number of pixels is fifty, the threshold ratio is 
one tenth or .1. The measured ratio of the device under 

15 test is then compared 49 with the first predefined 
threshold ratio that may be stored in a data storage 
area. If the ratio is determined 410 to have not exceeded 
the first predefined threshold ratio the OPC is 
classified as acceptable. If the ratio is determined 410 

20 to have exceeded the first predefined ratio then a second 
comparison to a second predefined ratio is made 411. If 
the ratio is determined 412 to have exceeded the second 
predefined ratio the part is classified as non- 
acceptable; otherwise the part is classified as quasi- 

25 acceptable. For determining trends and maintenance 
requirements the classification of each OPC may be stored 
in the data storage area. 

Thus the invention advantageously increases productivity 
30 and improves product quality by early inspection and 
detection of manufacturing defects early in the 
manufacturing process. It should be understood that the 
foregoing description is only illustrative of the 
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invention. Various alternatives and modifications can be 
devised by those skilled in the art without departing 
from the invention. Accordingly, the present invention 
is intended to embrace all such alternatives, 
5 modifications and variances which fall within the scope 
of the appended claims. 
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CLAIMS 

What is claimed is: 

1. A system for optically sensing manufacturing defects 
in OPC devices, the system comprising: 

an illumination source for illuminating the OPC 
device; 

at least one optical sensor positioned to view the 
illuminated OPC; and 

a controller connectable to the optical sensor, the 
controller comprising a threshold detector for 
sensing bottom edge wipe (BEW) manufacturing 
defects in the OPC device. 

2. A system as in claim 1 wherein the illumination source 
comprises a light emitting diode (LED) . 

3. A system as in claim 1 wherein the illumination source 
comprises a LASER. 

4. A system as in claim 1 wherein the illumination source 
comprises : 

an emitter, wherein the emitter emits 

electromagnetic radiation of at least one 
wavelength. 

5. A system as in claim 1 wherein the at least one 
optical sensor comprises a charge coupled device (CCD) 
camera . 

6. A system as in claim 1 wherein the controller is 
associated with a data storage area, wherein the data 
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storage area may be used to store predetermined threshold 
values and classification result; 

7. A system as in claim 1 wherein the threshold detector 
comprises an array of pixels and the controller further 
comprises a pixel counter for counting. 

8. A system as in claim 1 wherein the controller is 
associated with a monitoring device for alerting a user. 

9. A system as in claim 8 wherein the monitoring device 
further comprises a visual display monitor. 

10. A system as in claim 8 wherein the monitoring device 
further comprises an audio monitor. 

11. A method for optically classifying residues on at 
least one bottom edge area of a OPC, the method 
comprising the steps of: 

illuminating the at least one bottom edge area of 
the OPC; 

capturing reflected illumination from the at least 
one illuminated bottom edge area of the OPC device; 

comparing the captured reflected illumination with 
at least one threshold level; and 

classifying the at least one bottom edge area of the 
OPC device based upon the comparison of the captured 
reflected illumination with the at least one 
threshold level. 

12. A method as in claim 11 wherein the step of 
illuminating the at least one bottom edge area of the OPC 
device further comprises the step of illuminating the OPC 
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bottom edge area with electromagnetic radiation of at 
least one wavelength. 

13. A method as in claim 11 wherein the step of capturing 
reflected illumination from the at least one illuminated 
bottom edge area of the OPC device further comprises the 
step of digitizing the captured reflected illumination. 

14. A method as in claim 11 wherein the step of capturing 
reflected illumination from the at least one illuminated 
bottom edge area of the OPC device further comprises the 
step of converting the captured reflected illumination to 
an analog signal. 

15. A method as in claim 11 wherein the step of comparing 
the captured reflected illumination with at least one 
threshold level further comprises the step of comparing 
the captured reflected illumination with a predetermined 
pixel count. 

16. A method as in claim 15 wherein the step of comparing 
the captured reflected illumination with a predetermined 
pixel count further comprises the step of comparing the 
captured reflected illumination with a predetermined gray 
level pixel count. 

17. A method as in claim 11 wherein the step of comparing 
the captured reflected illumination with at least one 
threshold level further comprises the step of comparing 
the captured reflected illumination with a predetermined 
analog voltage level. 

18. A method as in claim 11 wherein the step of 
classifying the at least one bottom edge area of the OPC 
further comprises the step of classifying the at least 
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one bottom edge area as acceptable or alternatively as 
non-acceptable . 

19. A method as in claim 11 wherein the step of 
classifying the at least one bottom edge area of the OPC 
further comprises the step of classifying the at least 
one bottom edge area as one of acceptable, non- 
acceptable, and quasi-acceptable. 

20. A method for optically discriminating an Organic 
Photo Conductor (OPC) device, the method comprising the 
steps of: 

illuminating a bottom edge area of the OPC device; 

positioning an optical sensor to view the 

illuminated OPC bottom edge area; and 

providing a controller connectable to the optical 
sensor, the controller having a threshold 
discriminator . 

21. A method as in claim 20 wherein the step of 
illuminating the bottom edge area of the OPC device 
further comprises illuminating the bottom edge area of 
the OPC device with a visible light source. 

22. A method as in claim 20 wherein the step of 
positioning the optical sensor to view the illuminated 
OPC bottom edge area further comprises positioning a 
charge coupled device (CCD) camera. 

23. A method as in claim 20 wherein the step of providing 
the controller connectable to the optical sensor further 
comprises the steps of: 

providing a gray level band discriminator; 
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comparing the ratio of a number of pixels within a 
predetermined gray level band to the total number of 
gray level pixels to a predetermined ratio; and 

classifying the OPC device as acceptable, non- 
acceptable, or quasi-acceptable based upon said 
comparison . 
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ABSTRACT 



A system for optically sensing manufacturing defects in 
organic photo conductor (OPC) devices. The system 
5 comprising an illumination source for illuminating the 
OPC device; at least one optical sensor positioned to 
view the illuminated device; and a controller connectable 
to the optical sensor, the controller comprising a 
threshold detector for determining manufacturing defects. 
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